Study design: Community-based, cross-sectional study. Objectives: This study aimed at examining and comparing biochemical profiles (blood and urine) of traumatic and non-traumatic spinal cord-injured patients (TSCIs vs NTSCIs). Setting: The Interval Rehabilitation Center, Trois-Rivieres, Province of Quebec, Canada Methods: Medical records from a cohort of 175 chronic spinal cord-injured patients (94 TSCI and 81 NTSCI individuals) were thoroughly studied. Results: Augmentations over time of red blood cell (erythrocyte), hematocrit and hemoglobin levels were generally found after spinal cord injury (SCI), specifically in NTSCI patients (late vs early chronic). In contrast, although leukocyte levels generally decreased over time after SCI, higher lymphocyte levels were detected only in NTSCI patients (late vs early chronic). Higher total cholesterol, triglyceride, high-density lipoprotein-cholesterol (HDL-C) and low-density lipoprotein-cholesterol (LDL-C), protein and albumin serum levels were generally found over time after SCI, again, specifically in chronic NTSCI patients (late vs early chronic), whereas increased (twofold) nitrite and decreased (twofold) ubilirogen urine levels were found specifically in TSCI individuals (late vs early chronic). Conclusion: Clear differences were reported between subgroups of SCI patients strongly supporting the idea that therapeutic approaches aimed to treat these problems should be specifically designed for each type of patients (that is, NTSCI vs TSCI or early vs late chronic patients).
Introduction
Traumatic spinal cord injury (TSCI) is associated with an immediate and generally irreversible loss of sensory and voluntary motor functions. Non-traumatic spinal cord injury (NTSCI) also leads to sensory and motor function losses, although these occur progressively rather than immediately. Both groups of SCI patients have generally been reported to suffer from multiple health problems or so-called secondary complications (for example, muscle atrophy, osteroporosis, skin ulcers, urinary tract infections, chronic pain, hypotension and other metabolic problems; see companion paper no.1 for references). However, the extent of secondary complications in NTSCI patients remains incompletely understood and time-dependent or direct comparisons of biochemical profiles (many of which are biomarkers) between TSCI and NTSCI patients are virtually inexistent. For instance, abnormally low erythrocyte, hemoglobin (Hb) and hematocrit (Ht) levels in acute or early chronic TSCI patients, and dyslipidemia (for example, abnormally high low-density lipoprotein-cholesterol (LDL-C) and low high-density lipoprotein-cholesterol (HDL-C) levels) in late TSCI subjects, have clearly been reported although comparable changes in NTSCI remain unclear. [1] [2] [3] Dysregulated hormonal levels (for example, growth hormone and testosterone) have been shown to change over time and to be linked to depression in TSCI patients (not studied in NTSCI subjects). 4, 5 Studied primarily in TSCI, total proteins, albumins, specific immune cells (blood) or some biomarkers in urine were also observed to change after trauma in a time-dependent manner. [6] [7] [8] In this study, the main aim was to assess and directly compare in a relatively homogenous community (Trois-Rivieres City, Quebec, Canada) time-dependent changes of biochemical profiles (blood, serum and urine) between TSCI and NTSCI patients. This article is the second in a series of three studies aimed to describe the epidemiological, clinical, functional (first article) and pharmacological (third article) characteristics associated with TSCI and NTSCI patients.
Materials and methods
This protocol was approved by the institution in which medical records came from (Interval Rehabilitation Center, Trois-Rivieres, QC, Canada) and by an independent ethics committee (International Review Board Services, Aurora, ON, Canada). We studied data from male and female patients (n ¼ 175) from the Interval Rehabilitation Center that have been SCI traumatically (94 patients) or nontraumatically (81 patients) for at least 1 year and typically less than 10 years. Their complete medical records at the Rehabilitation Center were thoroughly examined to preselect commonly reported sets of characteristics. Patients were functionally classified using the standard American Spinal Cord Association (ASIA) classification. Biochemical data from blood (erythrocyte or red blood cell (RBC), Ht, Hb, platelets, leukocyte, lymphocyte and neutrophil levels), serum (protein, albumin, creatinine, uric acid, glucose, sodium, potassium, chloride, cholesterol, triglyceride, HDL-C, LDL-C, cholesterol/HDL-C ratio) and urine (levels of specific gravity, blood, leukocyte, nitrite, pH, protein) presented in this study are expressed as arithmetic sums (incidences) or means ± s.e. analyzed with Student's t-tests (Prism V5, Graph Pad Software, La Jolla, CA, USA). It should be noted that data from all medical records were used, although all characteristics and biomarkers assessed were not generally found in every single medical record.
Results

Preliminary data
Results from the first article of this series of three papers revealed in these patients the existence of clear differences in age, gender, extent and level of injury and secondary complications between groups (TSCI vs NTSCI patients). For instance, essentially no completely injured patients were found among the NTSCI group, whereas completely injured patients constituted 37.8% of all TSCI patients. Furthermore, we observed that the incidence of neurogenic bladder, neurogenic bowel, urinary tract infection and pressure ulcers was significantly greater in TSCI than NTSCI patients, whereas neuropathic pain was equally found in patients from both groups.
Red blood cells
Red blood cell analyses clearly showed that erythrocyte (RBC) counts progressively increased over time after SCI (Figure 1 ). Levels ranging between 3.8 and 4. Figure 1d ).
White blood cells
The results showed also clear changes in leukocyte counts ( Figure 2 ). The later significantly (Po0.05) decreased (19% decrease) over time in mid-chronic and late-chronic SCI patients (combining both data from NTSCI and TSCI Figure 1 Time-dependent changes of red blood cells in spinal cordinjured (SCI) patients and differences between non-traumatic spinal cord-injured (NTSCI) and traumatic spinal cord-injured (TSCI) patients. *Statistically significant differences over time within-group (*) or at fixed time between groups (w).
Spinal cord-injured patients P Rouleau and PA Guertin patients) compared with early chronic subjects ( Figure 2a ). Specifically, lymphocytes (expressed as percentages of total leukocytes) significantly increased (16% increase, Po0.05), whereas neutrophils proportionally decreased, although this failed to reach significance (5% decrease, P40.05). This apparent discrepancy (that is, decreased total leukocytes and increased neutrophils) may be caused by altered levels in other types of leukocytes (not generally reported in the medical records studied here). When comparing TSCI and NTSCI patients, results revealed a near 20% decrease of leukocytes over time in each group, although not significant statistically (P40.05). However, the large increase in lymphocyte levels in both groups mentioned earlier was revealed with this comparative analysis to be entirely attributable to a large augmentation (a near twofold increase, Po0.05) only in NTSCI patients (late chronic vs earlier stages), whereas neutrophil levels were significantly (Po0.05) lower in NTSCI compared with TSCI patients (only at the late chronic stage, Figure 2f ).
Serum lipid profile
In SCI patients (both groups combined), cholesterol, HDL-C and LDL-C levels were all significantly increased over time ( Figure 3 ). Specifically, cholesterol displayed a 20% increase (Po0.05) in mid-chronic and late chronic SCI patients compared with early chronic subjects (Figure 3a) . The HDL-C and LDL-C levels also increased over time with statistical significance (Po0.01), respectively, in late chronic Spinal cord-injured patients P Rouleau and PA Guertin or mid-chronic SCI patients compared with earlier stages (Figures 3e and g ). However, triglyceride levels did not significantly (P40.05) change over time (Figure 3c ), whereas C/HDL-C ratio values decreased (Po0.01) in late chronic SCI patients compared with mid-chronic subjects (Figure 3i ). When specifically comparing both groups, results revealed that the cholesterol and LDL-C augmentations mentioned earlier were found (Po0.05) only in NTSCI patients (Figures 3b and h), whereas lower (Po0.05) C/HDL-C ratio values were detected only in TSCI patients (late chronic vs mid-chronic subjects, Figure 3j ).
Other serum biomarkers
In brief, protein, potassium and chloride levels were significantly increased over time, whereas creatinine level progressively decreased in SCI patients (with both groups combined; Table 1 ). Specifically, serum protein levels increased (Po0.01) by 15% in late chronic SCI patients compared with early chronic SCI patients. Potassium and chloride levels significantly increased by 3-4% in midchronic SCI patients compared with early chronic SCI patients. In contrast, albumin, uric acid, glucose and sodium levels did not significantly (P40.05) change over time (Table 1) . However, when comparing both groups, results revealed differential effects. For instance, protein, albumin, potassium and chloride levels were increased (Po0.05) over time only in NTSCI patients (either late or mid-chronic patients vs early chronic patients), whereas creatinine and uric acid levels decreased (Po0.05) again only in NTSCI patients (that is, late chronic vs mid-chronic patients, Table 1 ).
Urine biomarkers
Although several serum biomarkers were found to change over time (specifically in NTSCI), urine biomarkers were shown to remain relatively stable. For instance, specific gravity, blood, leukocyte, pH and protein levels did not significantly change over time in SCI patients (both groups combined; Table 2 ). Only nitrite and urobilinogen levels were shown to significantly (Po0.05) increase (twofold) and decrease (twofold), respectively. When comparing both groups, results revealed that the increase in nitrite levels occurred only in TSCI patients, whereas urobilinogen levels were similarly decreased in both groups although this decrease was significant (Po0.05) only in TSCI patients ( Table 2) .
Discussion
This study, to the best of our knowledge, is the first to report the existence of clear differences over time in biochemical profiles of TSCI vs NTSCI patients. In brief, results showed that red blood constituents generally increased over time in SCI patients. In contrast, leukocytes generally decreased over time in both groups, although significant lymphocyte level increases (twofold) were observed only in late chronic NTSCI patients. Cholesterol, LDL-C, protein, albumin, potassium and chloride levels also increased over time specifically in NTSCI subjects (late chronics vs earlier stages), whereas creatinine and uric acid levels specifically decreased in late chronic NTSCI individuals. In contrast, urine biomarkers, such as nitrite and urobilinogen, specifically increased and decreased, respectively, over time only in TSCI patients (late versus early chronics).
Data from the literature has already shown that mild anemia, including abnormally low erythrocyte levels, which do not depend upon age or completeness of injury, can be found after SCI. 9 This is in apparent contrast with our results that essentially show increasing Ht, Hb and erythrocyte (RBC) levels in late vs early chronic patients (significant only in NTSCI patient). However, mild anemia has been specifically reported in acute and early chronic TSCI patients, 7, 9, 10 whereas a study by Lipetz et al. 8 clearly demonstrated a return to near-normal levels over time (in late vs early chronic TSCI). This is thus in line with our results showing abnormally low levels of erythrocytes in early chronic SCI patients with 3.9 Â 10 12 per liter (Figure 1a ), given that normal levels typically range between 4.5 and 5.9 Â 10 12 per liter. 11, 12 In other words, although we reported augmentations over time, the levels of RBC, Hb and Ht were simply shown to return to near normal levels (4.5-11 Â 10 9 per liter, 135-175 g l
À1
, 0.41-0.53, respectively) in late chronic SCI patients (41 year after acute care hospitalization). In turn, platelets were not observed in this study to change over time. They remained within a normal range (140-400 Â 10 9 per liter), which is in contrast, to some extent, with results found elsewhere in acute and early chronic tetraplegic TSCI patients showing abnormally low platelet levels. 13 Reasons underlying mild anemia in early chronic SCI patients are unclear but may be associated with surgery, urinary tract infections and bed sores. 7, 14 To the best of our knowledge, this is the first time that significant RBC changes over time are being reported in NTSCI patients.
Regarding white blood cells, it has been generally reported in the literature that leukocytes normally increase in the first few days post-trauma (for example, 10-16 Â 10 9 per liter). 7, 15 In this study, we report data supporting the idea of a relatively rapid return to normal levels over time because, in mid-chronic SCI patients, leukocyte counts already diminished to levels ranging between 7 and 8 Â 10 9 per liter, which are well within normal levels (4.5-11 Â 10 9 per liter).
11,12
However, it is of particular interest in this study to have shown, to the best of our knowledge, for the first time that comparable changes (and even larger since significant) occur also in NTSCI patientsFthat is, lymphocyte levels that initially decrease in early stages and return to normal levels in late chronic NTSCI patients (compared with acute and early chronic subjects) and thus that return to normal levels (that is, neutrophil and lymphocyte normal levels are 42-75% and 20-50%, respectively). 11, 12 Such a change in leukocyte and lymphocyte levels (increase and decrease, respectively) has also been reported in TSCI patients that suffer of bed sores, 13 whereas a progressive return to normal values has been shown in TSCI patients 6 months post-trauma. 16 Dyslipidemia is generally known to progressively occur in TSCI patients (see companion paper no.1). Relatively low HDL-C levels that do not depend on unbalanced total cholesterol levels or age have indeed been reported in chronic tetraplegics. 17 This may be caused by reduced physical activity (or physical inactivity) associated with a decrease in catecholamine levels. 18, 19 Differences asociated with injury level, including higher very LDL-C and triglycerides, as well as higher total cholesterol and LDL-C levels have been reported in late chronic TSCI patients. 20 This study is, to the best of our knowledge, the first to report increased levels (above normal) of cholesterol in NTSCI patients. Indeed, levels ranging between 5 and 6 m mol l ) were found in late chronic NTSCI patients, whereas rather normal levels (that is, just above 4 m mol l À1 ) were found in TSCI patients (Figure 3b) . 11, 12 We also found that triglyceride levels in both groups (between 2 and 3 m mol l À1 particularly in late chronics) were above normal levels (typically between 0.4 and 1.6 m mol l À1 ) 11, 12 and remained unchanged over time (Figure 3d) . Surprisingly, HDL-C and LDL-C levels were reported in both groups to remain within normal ranges (0.9-1.55 m mol l À1 and 2.1-4.1 m mol l À1 respectively) although LDL-C levels increased over time only in NTSCI patients (Figure 3h ). This is in contrast with data generally reported in the literature (that is, in TSCI patients) reporting abnormally low HDL-C and high LDL-C level. 4, 17, 20 This said, improved dyslipidemia-related marker profiles may be associated with ameliorated physical activity levels over time as proposed elsewhere. 18, 19 Given that patients from the Interval rehabilitation center are encouraged to remain physically active, this may possibly explain rather normal HDL-C and LDL-C values in both groups of patients compared with data normally found in the literature (at least for TSCI subjects). We also found that protein, albumin, potassium and chloride levels were increased over time specifically in NTSCI subjects. Protein and albumin levels although elevated (69 and 36 g l ) despite higher levels detected in mid-chronic versus early chronic NTSCI patients. All other parameters examined here such as uric acid, glucose and sodium remained relatively unchanged and within normal values excepted for creatinine, which decreased (B60 m mol l À1 ) significantly below normal levels (80-115 m mol l À1 ) in late chronic NTSCI patients. It has been shown in TSCI patients that renal impairment is typically associated with a concomitant increase of both serum protein and creatinine levels 21 (as shown here), strongly suggesting that greater renal problems were experienced over time in late chronic patients than in early chronic patients. Again, this is, to the best of our knowledge, the first time that such changes are studied and found to be significant in NTSCI patients.
An abnormally high nitrite level, as observed in this study, specifically in TSCI patients (late versus early chronics) is a well-known indicator of urinary tract infections, suggesting that significant urinary tract infection cases were found in this group. Finally, although urobilinogen levels were significantly lower in late vs early chronic TSCI, they remained within normal values (o16 m mol l À1 ), suggesting normal red blood profile and liver function.
Conclusion
This study strongly supports the idea that differences in biochemical profile may exist between TSCI vs NTSCI or early vs late chronic patients. However, although many parameters and biomarkers were found to change over time, most remained within or returned towards normal levels within 1 year after injury or diagnosis.
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